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@ Polymeric materials having controlled physical properties and processes for obtaining these. 

(57) Ground polymeric elastomer or other polymeric plastic, 
particularly from recovered scrap, is surface modified by 
treatment with a gaseous mixture containing a minor amount 
of fluorine and a larger amount of at least one reactive gas in 
an inert gaseous carrier. By the treatment the ground mat- 
erial is made more compatible for admixture with poly- 
functional polymer-forming liquids, thereby obtaining novel 
composites of controlled physical properties. The other reac- 
tive gas is preferably oxygen or one of the gases from the 
group consisting of: chlorine and SOa with or without added 
oxygen. 
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POLYHERIC HATERIALS HAVING CONTROLLED 
PHYSICAL PROPERTIES AND PROCESSES FOR 

OBTAINING THESE 

FIELD OF THE INVENTION 
The present Invention relates to chemical treatment of polymers and 
Is especially concerned with surface modification of these polymers by 
reaction with a mixture of gases Including fluorine whereby the thus 
treated polymers can be mixed with polyfunctlonal polymer-forming 
liquids, thereby producing novel products having controllable physical 
properties. 

BACKGROUND OF THE INVENTION 

Among the problems confronting modern Industry Is the disposition of 
the large amounts of polymeric scrap materials generated, the major 
portion of which Is not biodegradable nor easily separable Into useful 
components. This Is particularly true In the rubber tire Industry, where 
despite the tremendously Increasing piles of discarded tires year by 
year, no effective means have been designed to usefully recycle this 
material. The present Invention, as hereinafter described, provides a 
practical and profitable outlet for the disposition of elastomer and 
other scrap from discarded polymeric materials as well as from trimmings 
and rejects of fabricating plants. 

In addition to the foregoing problem for which the present Invention 
offers a solution. It further extends the available processes for the 
production of composite plastics having unique combinations of physical 
properties • In the past such composites have been produced by 
mechanically blending or chemically bonding two or more polymers. For 
example, acrylonltrlle-butadlene-styrene terpolymer (ABS) Is produced by 
grafting polyacrylonltrlle (a rigid polymer) onto polystyrene-butadiene 
(an elastic polymer). A common method for physically combining two 
materials into a composite Is by blending. In this manner, for example, 
there Is produced a blended composite of polybutylene terephthalate with 
polycarbonate (a very rigid material). However, the known chemical 
methods of making composite polymers require very precise control of 
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processing conditions In order to produce products of desired uniform 
characteristics. The available physical alternatives, on the other hand, 
require good compatibility among the constituent materials to avoid phase 
separation* which limits the choice of polymers which can be thus 
5 combined with one another. It also virtually rules out the blends of 
highly elastomeric materials with rigid plastics because, most often, 
these are Incompatible* Accordingly, Industry Is limited In the chemical 
and physical mixing of polymers to a relatively small number of these 
substances. 

10 Yet another problem addressed by this Invention Is to convert a 

variety of polymeric scrap materials, such as used tires or polyester 
soda bottles. Into useful materials. For want of better means for the 
disposition. Industry has resorted to burning of scrap, which presents 
tremendous pollution problems, and even use of scrap in landfill Is 

IB becoming more and more unacceptable. 

In accordance with one aspect of the present Invention, polymeric 
scrap materials and other polymers In a finely divided state are 
chemically modified at their surfaces to provide particles which can be 
Incorporated and cwnblned Into a polymeric matrix to provide novel 

20 polymeric products of desirable controlled properties. Such chemical 

modification Is effected by treatment of these particles under controlled 
conditions with fluorine In the presence of another reactive gas, as will 
hereinafter appear • 

25 PRIOR ART 

Surface fluorlnatlon of various polymeric materials has been 
described In the patent art as vrell as In other technical literature. 
The stated purposes of such fluorlnatlon vary considerably and In some 
Instances appear to be Inconsistent. The principal properties most often 
30 ascribed to result from the fluorlnatlon carried out under selected 
operating conditions are: 

(a) iR^irovement In water w1 eking and moisture transport 
properties of synthetic fibers and fabrics formed of polymeric 
plastics (U.S. 3,940,520; 3,988,491; 4.020,223); 
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(b) treatinent of polyester yarns and cords to be Incorporated 
In auto tires or other rubber goods (e.g. U.S. 4,009,304); 

(c) treatment of natural and synthetic elastomers to Improve 
lubricity. I.e., reduce surface friction (U.S. 3,389,098); 

(d) to Improve solvent resistance and/or reduce permeability 
of containers for organic fluid contents (UK 1,244,971; U.S. 
2,811,469; U.S. 3,413.226; U.S. 3,992,221; U.S. 3,862,284). 
Schonhorn, H. et al. (Journal of Applied Polymer Science, vol. 12, 

pp 1231-7; 1968) describe the surface fluorlnatlon of polyethylene to 
Improve adhesive bonding. 

SUHHARY OF THE INVENTION 

In accordance with the present Invention the starting polymer In 
finely ground condition Is treated with a mixture of fluorine and at 
least one other reactive gas to effect chemical modification of the 
surface of the polymer. The treated polymer particles are thus made more 
compatible with, and thus may then be mixed more readily with, one or 
more polyf unctlonal polymer-forming liquids. In certain Instances 
chemical reaction takes place at the surface oT the treated particles 
between the chemically-modified particle and the liquid, and/or between 
such particle and the polymer formed In-situ between components of the 
polyf unctlonal liquids, thereby producing a new chemically-bonded 
polymeric material. By varying the relative proportions of the 
gas-treated particles and the polyfunctlonal liquids the properties of 
the ultimate polymeric material can be controllably fixed to suit desired 
end uses. Thus, the limitations heretofore encountered In physical 
blends of polymers, are largely overcome or avoided In practice of the 
present invention, since the active gas composition to be used In surface 
treatment of the starting polymer particles can be pre^selected so as to 
produce polymer particles compatible with the components of the 
subsequent liquid treating composition, thus avoiding the problem of 
phase separation. 

DESCRIPTION OF PREFERRED EHBODIHENTS 
The operable limits of the present Invention are quite extensive 
from the standpoint of the polyfunctlonal liquids that can be employed as 
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^trU for incorporation of ths finely divided polymer, the source of the 
polymer particles and the composition of the gas employed In the treatment 
of these particles. Within these operable broad ranges, however, the 
ultimate products obtained will differ widely In physical properties and In 
B the practical uses to which these various products can be adapted. 

When polymeric materials are exposed to a mixture of gases containing 
elemental fluorine and another reactive gas or gases, among other reactions 
taking place, depending upon the nature of such other reactive gas, there 
are free radical reactions Initiated by the fluorine. With the appropriate 

10 choice of the reactive gas or gases, desired functionalities can be 

provided at the surfaces of the treated polymer particles, whereby these 
are rendered more compatible with or will react with the polyfunctlonal 
liquid composition to form chemical bonding therebetween. Thus, a 
covalently bonded material Is produced from two previously non-reacting 

15 materials. 

In practice of the Invention, the entire process of treating ground 
particles and mixing with polyfunctlonal liquids can be carried out In bulk 
phase and there Is no need for preparation of solutions, as In the case of 
making blends or Interpenetrating networks, or for emulslflcatlon of the 
20 components as Is typically the case 1n graft polymerization. Depending 
upon the relative proportions of the polymer particles and the matrix or 
binder provided by the polyfunctlonal liquid composition, the properties of 
the resulting product can be readily varied generally to correspond largely 
to that approaching properties of the contained particles or that of the 

25 matrix or binder. 

The finely divided polymeric particles employed In practice of the 
Invention are obtained by grinding larger pieces or articles to desirable 
size employing cryogenic erabrlttlement If necessary or other available 
means known to the art. The "desirable size" of the powder particles Is 

30 preferably that ranging from a few microns in diameter up to about a 

millimeter as determined by the end use of the formed composite. In some 
Instances particles of up to several millimeter size In major dimension may 
be usefully employed. For most purposes, however. In which the best 
advantages of the present Invention are obtained, the preferred particle 
35 size Is that passing through a 60-mesh sieve (250 microns and finer). 
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The finely divided polymer particles are placed In a reactor and 
exposed to a reactive mixture of gases, one component of which Is 
fluorine, together with one or more reactive gases and an Inert diluent 
or carrier gas. The reaction Is carried out under conditions such that 

i the polymeric particles come 1n Intimate contact with the gas mixture. 
This can be accomplished by using a rotating or tumbling reactor, 
fluldUed bed or other suHable means. 

After a predetermined period of exposure of the particles to the gas 
mixture, during which the surface composition of the particles Is thus 

10 chemically modified, they are discharged from the reactor. The 
discharged particles are then mixed with a polyfunctlonal liquid 
composition made up of one or more liquids which will polymerize or 
co-polymerlze and which may also be capable of reacting with other 
functionalities present at the surfaces of the chemically modified 

15 polymer particles. The term "liquid" as herein employed to designate the 
matrix or substrate In which the chemically surface-modified particles 
are Incorporated, Includes all fluid or thermoplastic compositions having 
functionalities which can react with acidic hydrogen functionalities, 
examples of which Include epoxide, Isocyanate and carboxyllc acid 

20 anhydride or a precursor which Is hydrolyzable to carboxyl such as 

carbonyl fluoride. 

While not limited thereto, the Invention finds among Its most 
Important applications, the treatment of finely divided elastomeric 
particles such as natural or synthetic rubber Including among these 

25 styrene-butadlene rubber (SBR), and polymer of ethylene-propylene diene 
monomer (EPOM). The Invention Is also applicable In treating finely 
divided coninon thermoplastics such as polyethylene terephthalate (PET) 
and polypropylene. By choice of the amount of ground polymer particles 
incorporated In the polymerized or polymerlzable polyfunctlonal liquid, 

30 the properties of the ultimate product can be tailored as desired over a 
wide range comprising from 10 to 90% of the particles In the substrate or 
binder formed by the polyfunctlonal liquid. When the amount of ground 
polymer Is In excess of that at which the resulting slurry becomes too 
viscous for stirring, a non-uniform product will be obtained. 
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Examples of suitable polyfunctional liquids useful In practice of 
the Invention Include: two caiqjonent mixtures of appropriate organic 
Isocyanates and polyols which react to form polyether polyurethanes, 
particularly In the presence of chain extenders. According to one 

5 embodiment, ground surface-modified elastomer particles (such as that 
obtained from scrap) can be exposed to a blocked MDI-based (methylene 
diphenyldllsocyanate) polyurethane and cured at high tenq)erature. As the 
polyurethane cures, the dllsocyanate will also react with the polymeric 
particles producing a composite. 

10 The nature of the functionality or functionalities produced at the 

surface of the starting polymer particles will depend upon the composi- 
tion of the active components of the gaseous treating convosltlon. In 
the presence of elemental oxygen with the fluorine In the treating gas 
composition applied to the finely divided elastomeric or other polyiwric 

15 particles, a fluorlnated carboxylated layer Is formed on the surface of 
the particles. The c«j*1ned fluorine groups and the carboxylate groups 
are concentrated at the surfaces of the particles, within about 200 A» of 

the particle surface. 

The treating gas ctmposed of fluorine and oxygen as reactive 
20 components 1n an Inert gas carrier, for the purpose of the present 

Invention, should contain at least 1 ppm and up to about 25% by volume 
elemental fluorine, and 5 ppra to a maximum of 25% elemental oxygen. The 
molar ratio of Oj/Fg 1n the treating gas Is not critical and may be 
preferably In the range of 1:1000 to 200:1. The exposure of the 
25 particles to the treating gas should be for a time sufficient to 

Incorporate Into the surface layer of the particles from 5 to about 67% 
by number of fluorine and oxygen atoms, as determined by electron 
spectroscopy for chemical analysis (ESCA), also called XPS (X-ray 
photoelectron spectroscopy) . 
30 Instead of or 1n addition to oxygen accompanying the fluorine 

treating gas other reactive gases may be added, such as Clg, SOg, 
Brg. BrClg, BrCl. CO, and similar gases reacting to generate 
functional reactive sites In the particle surface layer. 
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Without being bound to any particular theory as to the nature of the 
chemical reaction mechanisms taking place. It Is believed that when the 
ground polymer particles are exposed to the appropriate mixture of 
fluorine and another reactive gas. free radical reactions take place. 
Initiated by the fluorine. By controlling the ratio of fluorine to the 
other reactive gas or gases, the particle surface can be made to pre- 
dominate wUh the functionalities other than C-F and C-H. Thus, when 
using a mixture of and 0^ on a hydrocarbon polymer, the pre- 
dominating functionalities arc most likely to comprise carbonyl, 
carboxyllc, hydroxyl. carboxyllc acid fluoride, and the like. These 
functionalities, as In the case of a polyurethane composition as the 
binder or matrix Into which the surface-modified particles are 
Incorporated, can react with either or both the Isocyanate or polyol 
present In the polyurethane composition, while the Isocyanate and polyol 
are Interacting to form the polyurethane matrix. Thus, there Is formed a 
new product with the matrix or binder being In the continuous phase 
containing the Incorporated particles as the discrete phase. Even when 
there Is no chemical bonding between the matrix and the modified 
particles, the functionalities such as carboxyllc, hydroxyl, carboxyllc 
acid fluoride, render most polymeric particles hydrophlllc. This, In 
turn, causes the particles to be wetted much better with the binder 
matrix and provide superior physical compatibility between the two, 
resulting In a unique new product. 

Example 1 

Ground EPDH rubber was treated under two different conditions: 

(a) The ground EPDH having a particle size In the range of 150 
to 850 microns (20 to 100 mesh) was treated with a gas mixture 
composed of (by volume) IX fluorine, 40X sulfur dioxide and 59X 
nitrogen for thirty minutes. Introduced at room temperature. 

(b) Similar ground EPDH particles were treated with a gas 
mixture composed of (by volume) IX fluorine, 16X oxygen and 83X 
nitrogen for 30 minutes. 
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Each batch of treated particles from (a) and (b) above was mixed 
with different amounts of a polyurethane formulation composed of 

Parts by 

Weight fpbw) 

Methylene diphenyl dl-lsocyanate (MDI) 100 
1,4 Butanedlol 7.7 
DA6CD LV* Amine catalyst 0.25 

Tensile strength and elongation at break were measured for each of 
the con^oslted products and ccHnpared with a control containing the 
untreated ground rubber particles. The results are reported In Table 1. 



Table 1 





CONTROL 




Treatment (a> 


Treatment (b) 


EPDK 
wt % 


Tensile 

str. at 
break 
(>bs) 


Elongation 
at break 
{%) 


Tensile 
str. at 
break 
(lbs) 


Elongation 
at break 
1%) 


Tensile 
str. at 
break 

(lbs) 


Elongation 
at break 

{%) 


25 
40 

50 


434 

326 


235 
142 


474 
464 

389 


227 
196 
165 


624 
681 
574 


259 
278 
273 



From the results reported In Table 1, It Is seen that by treatment 
of the ground particles In accordance with the Invention much superior 
tensile strength Is obtained and in roost Instances considerably higher 
elongation at break. 



Example 2 

Scrap PET soda bottles were ground and one portion of the ground 
particles subjected to treatment (c) by f luoro-chloro-oxidatlon; the 
other portion (untreated) serving as a control. The f luoro-chloro- 
oxidation referred to was carried out In two steps of 15 minutes each, 
employing a treating gas composed of (by volume) 5054 Cl^, IX F^. 40% 
3 air. 9X Ng* Each of these particle portions was Incorporated In 
Indicated amounts In a polyurethane formulation comprising: 

pbw 

1,4 butanedlol 7-7 
Polyurethane prepolymer (7.53X free Isocyanate) 100. 
OABCO LV* toilne catalyst 0.25 

5 The results are reported In Table 2. 
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Table 2 



PET 

yl% Untreated (Control^ Treatment (c) 

Tensile Strength Tensile Tear Tensile Strength Tensile Tear 

g Break (PSil fpsi) ft Break (psi) (jEill 

20 2030 478 2718 658 

35 1082 286 1812 391 
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Example 3 

Rubber tire scrap (predominantly a blend of SBR and butadiene rubber) 
(SBR) was ground and one portion of the ground particles treated for 30 
minutes with a gas composition (D) composed of (by volume) 40 parts SO^ 
and 1 part In (59 parts); the other portion of the ground 
particles was left untreated as a control. 

Each of- the portions was Incorporated In a polyurethane prepolymer 
formulation consisting of Solukast and MOCA*. The compared results are 
reported In Table 3 below: 

20 Table 3 

Tensile strength Elongation Tensile strength 
Composition fi break fpsl^ g break (% ) g 100^ elong, (psi) 

PU (no additives) 1226 151 978 

_t PU + 40X (wt) 

untreated SBR 1593 523 723 

PU + 40X (wt) 

treated SBR 2244 447 773 



30 • HDCA U 4.4 methylene b1s(2-chloroannine) and Solukast Is a 
trademark for the reaction product of a polyether with toluene 
dllsocyanate (4. IX free Isocyanate). The polyurethane formulation 
comprised of 90 pbw of Solukast and 10 pbw of HOCA. 
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In each of the foregoing runs of Examples 2 3, as was the case in 
that of Example 1, there was a significant Improvement In physical 
properties of the products containing the treated ground polymer as 
compared with the untreated control. 

Example 4 

Another series of runs was carried out Incorporating Into 
PU formulation respectively lOX, 20X and 25% of scrap PET untreated 
particles as well as particles treated under various conditions as 

10 reported below: 

(a) PET particles were treated with a gas mixture comprising 

Z% F,, th% and 82X (by volume) for a period of 15 
minutes. After the first treatment, gases were evacuated completely 
and exactly the same treatment was repeated. This treatment is 
15 Identified as FO (for f luoro-oxidate below). 

(b) PET particles were treated with a gas mixture comprising 
of IX Fg, 8X Og. 50% Clg and 49X (by volume) for 

15 minutes. As in the above example the same treatment was repeated 
after gas evacuation. The treatment Is Identified as FCO (for 
20 fluorochloro-oxidation). 



TABLE 4 



25 



Treatment 



Control 

FO 
FCO 



Tensile Strength (psi) at 
vrtX Particles 


Tensile Tear (psi) at 
vt% Particles 


lOX 20X 


35% 


io:( 


20% 3 554 


2188 1974 
2550 2166 
2370 1973 


1013 
1406 
1238 


576 

703 
* 


503 294 

568 324 
* * 
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* Data not available. 



It has been previously observed that in certain polymerization 
reactions, as for example In the production of polyurethanes, that the 
presence of acid functionality hinders curing of the polymers, as a 
result of tying up the amine catalyst enq)loyed and/or by reacting with 
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the Isocyanate. A series of runs was conducted, as hereinafter 
described, to determine the effect of neutralizing the ground polymer 
particles following their treatment with acidic gases, prior to 
Incorporation of the treated particles into a matrix comprising a 
5 polyurethane formulation. In the runs herein described, ammonia was 
employed as the neutralizing agent for convenience, although alkaline 
media may be similarly employed. 

Example 5A 

j^O (a) Polypropylene was ground to powder (40 to 60 mesh 

predominant particle size) and subjected to successive treatment for 
ten minutes each with gas comprised of fluorine with oxygen as set 

out In Table 5 below. 

(b) A portion of the treated particles from (a) above were 

IS exposed to gaseous NH^ for 5 minutes. 

(c) Another sample of the polypropylene particles was treated 
for 30 minutes with a gas mixture comprising 0.8X Fg and bO% 

SO-. 

(d) A portion of the treated particles from (c) above was 
20 afterward exposed for five minutes to ammonia gas. 

(e) As a control untreated polypropylene particles were 
exposed for five minutes to NH^ gas. 

The foregoing treatments and conditions are tabulated In Table 5 and 
25 the results of the treatment set out In Table 6. 
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Table S 



Treatn^nt 



Hixture I.D. 



Reaction Conditions 
6as Conmosltlon (vo l-^t^ Time tmln.) 
02 ^2 SO2 



10 



(a)* 


FO 


(b) 


FO/NH3 


(c) 


FSO2 


(d) 


FSO2/NH3 


(e) 


HH3 



14.7 
10.1 
6.3 



2.4 

3.2 
5.6 



0 
0 
0 



10 
10 
10 



30 



15 



[Same as (a) * NHal 

0.8 60 
[Same as (c) ♦ NH3] 
NH3 only 



Reaction vessel was completely evacuated of all gases between each 
10 minute treatment to ensure gas composition for the subsequent step, 



20 



25 



30 



EKaaole 5 (B) 

Each of the treated samples from Example 5A above was Incorporated 
Into a polyurethane formulation comprising 90 parts by weight of methylene 
diphenyl dllsocyanate and 7.7 parts of 1 .4-butaned1ol . employing 
respectively 20%, 35X and 45X of the particles by weight of the poly- 
urethane-formulatlon. The physical properties of some of the samples were 
measured and compared results are reported In Table 6 below. 



(1) 



(11) 



35 



Treatment 

NH3 only 

FSO2 

FSO2+NH3 



Treatment 

NH3 only 
FO 

FO + NH3 



Table 6 

Ultimate Tensile Strength Ultimate Elongation (X) 
(ps1^ e 45% Particle Loading e 45% Part icle Loading 



860 
684 
988 

Tensile Strength (psi) 
» 100% Flonaatlon 

1223 
2147 
2247 



22 
12 
38 
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(a) Polyethylene terephthalate (PET) scrap was ground to powder 
(245t passing through 60 mesh screen, 68. 8X through 40 mesh) and 
treated wUh a gas mixture consisting of IX by volume fluorine, 40X 
by volume chlorine, and 5954 by volume nitrogen for a period of 15 
minutes. The treatment was done twice successively with complete gas 
evacuation between the treatments. 

(b) Some of the particles from the above sample were exposed to 
gaseous ammonia for a period of 15 minutes. 

Samples from (a) and (b) were taken and Incorporated In a poly- 
urethane formulation. The PU formulation comprised of 80 pbw MDI, 7 pbw 
1,4-butanedlol (82-95% NCO/OH) with 0.15 pbw triethylenedlamlne as 
catalyst. Twenty percent by weight of the powders from (a) and (b) above 
were Incorporated Into the PU formulation. The physical properties are 
reported below. 



Sample 



Fluorochlorlnated 
( unneutral 1 zed) 

Fluorochlorlnated 
(NH3 neutralized) 



Table 7 
Tensile Strength 

fiSl 



1625 



2310 



Elongation at 
break % 



58 



68 



Tear Str. 
ps1 

312 
560 



Example 7 

In order to examine the effect of alkaline neutralization on elasto- 
merlc particles, ground EPDH and scrap tire rubber (predominantly a blend 
of butadiene rubber and SBR) were treated Individually under several condi- 
tions. The conditions were: (a) ^% Fg. 18?i oxygen, SIX N2 for 30 
minutes (FO); (b).lX Fj. m and 59% for 30 minutes (FC); and 
(c) IX Fp, 40X SO^, 59X for 30 minutes (FS). A portion of each 
of the above samples was neutralized with ammonia by exposing It to NH^ 
for 15 minutes. 
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Each of the above sai^iles was made Ifito a cofq)os1te with a poly- 
urethane fornmlatlon con^rlslng 80 pbw MDI, 7 pbw 1,4 butanedlol and 0.15 
pbw triethylene diamine catalyst. 

In each case, 20% by weight of the ground elastomer was added to 80% 
5 by weight of the PU formulation. Physical properties of the composites 
were measured and are tabulated below: 

Table 8 



10 



15 







E P D H 




T I R 


E RUB 


B E R 






Tens. St r. 


Tensile 




Tens. Str. 


Tensile 






e lOOX 


Tear 




§ lOOX 


Tear 




Ult-Tens. 


Elong. 


Str. 


Ult.Tens. 


Elong. 


Str. 


Treatment 


Str.(Dsl) 




(DSl) 


Str.(D5l) 


(DSli 


(PSi) 


FO 


2840 


1082 


469 


« 


* 


* 


FO+NH_ 


3494 


1327 


512 


* 


* 


* 


FC 


1886 


1368 


514 


2218 


1450 


* 


FC+NHg 


1977 


1485 


555 


2334 


1466 


* 


FS 


3317 


1327 


542 


* 


1307 


537 


FS+NHg 


3405 


1362 


531 


* 


1374 


608 



20 * These samples were not evaluated. 



As seen from the results reported In Exanq;^les 5 through 7, alkaline 
neutralization of treated particles Is beneficial In most cases In 
25 enhancing the physical properties of the composite. 

Exan^les of suggested gaseous treating compositions that can be 
employed In practice of the Invention are tabulated In Table 9 below: 



30 



Table 9 (by volume) 



Composition (by volume) 



Component Range Preferred Range 

Fg 1 ppm 25% 100 ppm lOX 

0^ 5 ppm 2S% 0.1 20% 

35 CI2 0 90X 0 50% 

SO^ 0 75X 0 50% 
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While the choUe of size ranges of the treated polymer particles can 
be selected from rather wide Vimlts, the favored particle size will 
depend upon the system and physical properties of Interest. For example, 
Impact may be enhanced by Incorporation of particulate material of very 

5 small size range» as In the order of one to several microns, whereas it 
Is postulated that Improved abrasion resistance may be had by using 
larger sized particles. 

While In the specific examples set out above In detail, the poly- 
functional liquid matrix described Is a polyurethane formulation. It will 

10 be understood that other polyf unctlonal polymer-forming liquid composi- 
tions can be similarly used In practice of the present Invention. 
Representative examples Include: solutions containing terephthallc acid 
chloride and a polyf unctlonal glycol, a low molecular weight epoxy 
combined with a polyf unctlonal amine, hexamethylene diamine combined with 

15 adipyl chloride, etc. 

It is a common practice In the Industry to add to polymers, 
especially elastomers, materials such as fillers, extenders, lubricants, 
etc. Some of these materials have a tendency to "bloom" to the surface, 
%rf)1ch reduces the efficacy of the gas-phase reaction with the particles. 

20 In accordance with the above observations, experiments were carried 

out to maximize the efficiency of gas-phase reaction with elastomeric 
particles. Chunks of rubber from scrap automobile tires (predominantly 
blends of SBR and butadiene rubber) were cryogenlcally ground to 
particles with sizes between 40 and 60 mesh. A portion of the ground 

25 particles was washed with methylene chloride In Soxhlet Extraction 
apparatus for a period of 3 hours. 

Polyurethane and rubber composites, using washed and unwashed rubber 
particles were prepared and their physical properties tested as follows: 

30 Example B 

(A) Samples of washed and unwashed ground rubber were treated 
Individually 1n a reactor using a gas mixture containing 3X F^* 
14X O2 and 83X N2 (by volume) for a period of 15 minutes. These 
samples were mixed Individually with 80% by weight of PU formulation 
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consisting of: 80 gins. H400 Adiprene prepolymer, 7 gms. 1 ,4-butan6d1ol, 

and 0.15 gms. Dabco LV» amine catalyst. Tensile properties were noted 
as follows: 

Tensile @ lOOX Tensile § 

Elono. (Dsl) Break (osn 

FO 2,821 1,232 

Wash + FO 3,234 1.447 



^® (B) The above procedure was repeated with the particles treated 

with a gas mixture consisting of "1% Fg, 40X Clg. lOX 0^, and 
49X N- for a period of 30 minutes. 

The results are: 

Tensile Strength @ Tensile Tear 
lOOX Elonq. (ps1> Strength (osH 

FOC 1.200 492 

Hash + FOC 1,295 494 



20 



From the above exaiqples. 1t Is clear that washing of elastomeric 
ground particles with an appropriate solvent prior to the surface 
modification results In more desirable properties. 
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What Is Claimed: 

1. The method which comprises subjecting polymeric particles In 
finely divided form to contact with a gaseous medium comprising elemental 
5 fluorine and at least one other reactive gas for a time sufficient to 
effect chemical modification of the surface layer of the particles by 
formation therein of reactive functional groups, and Incorporating the 
treated particles in polyfunctlonal polymer-forming liquids. 

10 2. The method as defined In Claim 1 wherein said gaseous medium 

Includes elemental oxygen and an Inert diluent gas. 

3. The method as defined in Claim 2 wherein said polymeric 
particles are elastomerlc. 

15 

4. The method as defined In Claim 3 wherein said gaseous medium 
comprises 1x10"* to 25 percent by volume elemental fluorine and 
1x10"^ to 25 percent by volume elemental oxygen, the rest consisting 
essentially of Inert gaseous diluent. 

20 

5. The method as defined In Claim 4 wherein said polymeric 
particles are selected from the group consisting of styrene-butadlene 
resins and ethylene-propylene diene monomer. 

25 6. The method as defined In Claim 3 wherein the obtained 

chemically-modified polymer particles are Incorporated In a poly- 
functlonal liquid composition, the functional groups of said liquid 
composition reacting with the reactive functional groups formed In said 
particles. 

30 

7, The method as defined In Claim 6 wherein said polyfunctlonal 
liquid composition comprises an organic polylsocyanate and a polyol. 



8. The method as defined In Claim 6 wherein said polyfunctlonal 
35 liquid comprises components reactable to form a polyurethane. 
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9. The methad^ as defined In Claim 1 wherein said gaseous medium 
Includes SO^ and an Inert diluent gas. 

10. The loethod as defined In Claim 9 wherein said polymeric 
5 particles are elastomer 1c • 

11. The method as defined In Claim 9 wherein said gaseous medium 
comprises 1x10"* to 25X by volume of elemental fluorine and IX to 50% 
by volume of SOg, the rest consisting essentially of Inert gaseous 

10 diluent. 



12. The method as defined In Claim 11 wherein said particles are 
selected from the group consisting of styrene-butadlene resins and 
ethylene-propylene diene monomer* 



13. The method as defined In Claim 10 vrherein the obtained 
chemically-modified polymer particles are Incorporated In a poly- 
functional liquid composition, the functional groups of said liquid 
composition reacting vrith the reactive functional groups formed In said 

20 particles - 

14. The method as defined In Claim 13 wherein said polyfunctlonal 
liquid composition comprises an organic polylsocyanate and a diol. 

15. The method as defined In Claim 13 wherein said polyfunctlonal 
liquid comprises components reactable to form polyurethane. 

16. The method as defined In Claim 2 wherein said gaseous medium 
further Includes a reactive gas from the group consisting of Cl^, 
SOg. BPg. BrClg, BrCl, and CO. 

17. The method as defined In Claim 16 wherein said particles are 
elastomerlc. 
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18. The method as defined In Claim 1 wherein said gaseous medium 
Includes at least one reactive gas from the group consisting of Og, 
Clg, SOj, Brg. BrClj, BrCI. and CO. 

S 19. The method as defined In Claim 18 wherein said particles are 

elastomerlc. 

20. The method as defined In Claim IB wherein said polymeric 
particles are composed of a non-elastomeric thermoplastic or 

10 thermosetting resin. 

21. The method as defined In Claim 20 wherein said polymeric 
particles are selected from the group consisting of polyethylene 
terephthalate and polypropylene. 

22. The method as recited In Claim 1 wherein following said contact 
with the defined gaseous medium effecting formation of reactive func- 
tional group 1n the surface layer of the particles^ the particles are 
neutralized prior to their Incorporation in polyfunctlonal polymer- 
forming liquid. 

23. The method of Claim 22 wherein said neutralization Is effecting 
the treatment of the particles with ammonia gas. 

25 24 • The method as defined In Claim 1 wherein the finely divided 

polymeric particles are washed with an appropriate solvent prior to being 
contacted with the gaseous medium comprising elemental fluorine. 

25. As a new composition of matter, finely divided elastomerlc 
30 particles, the surface layer of which has been chemically modified to 

provide reactive functional sites therein from the group consisting of 
caboxyl* hydroxyl, 1m1no, carbonyl and fluoride. 

26. The composition of Claim 25 Incorporated In a matrix or binder 
35 formed from a polyfunctlonal liquid composition, wherein the functional 
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groups of said liquid having been reacted with the chemically modified 
surface of said particles, 

27. The method which comprises treating finely divided elastomeric 
scrap material with a reactive gas composition comprising a minor amount 
of fluorine together with a larger amount of at least one other reactive 
gas from the group consisting of oxygen* chlorine* and sulfur dioxide. In 
an Inert gaseous carrier* to effect surface modification of said scrap 
material - 

28, The method as defined In Claim 27 wherein said reactive gas 
composition comprises by volume about IX fluorine and about 40X SO^, 
the Inert gas consisting essentially of nitrogen. 

29- The method as defined In Claim 27 wherein said reactive gas 
mixture conqirlses by volun^ about IX fluorine and about 16X oxygen* the 
Inert gas consisting essentially of nitrogen. 
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